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For Next Generation of High-K Gate Dielectrics
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Motivation

Investigate an alloy of TiO, and Al,O; in thin film form as a novel amorphous material with unique thermodynamic and kinetic
oxidation and electrical properties for application as high-K gate dielectrics in the new generation of nanoscale CMOS devices

Developed a low temperature sputter-oxidation process to make ultra thin TixAl,_,

Major Accomplishments

interfacial SiO, layer with good electrical properties for application to high-K dielectrics

Experimental Approach:
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0,(TAO) layer with practically no

R.T. sputter-deposition of thin TiAl alloy films followed by in situ oxidation using atomic oxygen

Sputter-deposition of metallic
TiAl layer on Si + oxidation at
500 °C

Interfacial SiO, ~ 1 nm

XPS analysis shows that R.T. oxidation of TiAl
layer inhibits formation of SiO, interfacial layer

F

A
LA/L

08 'c

Fhatesiectron Emmsion (L)

Photesectren Bmimnien (441
B
a
.
ES
&3

Dapnabad
L]

??

Baposiied
ST/

1 w0

Binding Ensr

455
Ty ()

Bin n.. Ensigy {s)

" L] & " e 1an a5 a0
Binding Eurrgy (o¥)

HRTEM (a) and EELS analyses ((b)
elemental maps; (c) integrated line scans)

* An enriched Al and O layer between the
TAO film and Si

+ Only subatomic thin SiO, interfacial layer

Unique Thermodynamic and Kinetic Oxidation of TAO
alloy assisting the reduction of SiO, interfacial layer
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XPS analysis shows preferential
bonding of O to Al, partially
reducing the SiO, layer on the
Si surface, forming an AlO,
interfacial layer

C-V characteristics of the TAO-based MOS capacitors

Micron sized capacitors

TIAl O ~4 nm)
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High accumulation capacitance densities (7.7 — 8.3 uFicm?2),
corresponding to a record thin high-K layer with EOT < 0.5 nm

Impact

L

Development of robust TAO atomically thin layer as high-K gate
dielectrics may enable the next generation of nanoscale CMOS Devices

Future Work
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interface

« Optimize bandgap and density of trapping states at TAO-Si

* Investigate effects of introducing an atomically thin MgO(~1nm)
layer into the TAO-Si structure on the overall electrical properties
of TAO-MgO films for high K dielectrics

« Investigate effects of compositional changes on the TAO layer
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Processes

Phaton electron emission (a.u.)

samples grown by twa __ Fie

Arred Mg Abime

oring w0,

sputtering of MgO layer

The lack of Si"* peak in
process 2 shows its
advantage to suppress the
formation of SiO, interface

sputter-oxidation vs. reactive
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